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Abstract 

A  novel  and  simple  technique  was  developed  to  measure  current  distribution  in  PEM  fuel  cells  with  serpentine  flow  fields.  In  this  technique,  a 
specially  designed  measuring  gasket  was  inserted  between  the  flow  field  plate  and  the  gas  diffusion  layer,  and  the  current  at  each  sub-area  of  the  fuel 
cell  was  measured  by  each  of  the  current  collecting  strips  on  the  measuring  gasket.  The  current  distribution  measurement  gasket  was  independent 
of  PEM  fuel  cells,  and  can  be  used  in  any  fuel  cell  without  the  need  of  a  special  fuel  cell  or  modification  of  any  component  of  an  existing  fuel 
cell.  More  importantly,  this  technique  can  be  easily  used  to  measure  current  density  distribution  in  any  cell  or  every  cell  in  a  fuel  cell  stack.  In 
addition,  this  technique  is  very  inexpensive,  with  the  only  additional  cost  being  that  of  the  measuring  gasket.  In  this  work,  this  measurement  gasket 
technique  was  used  to  study  the  influences  of  humidification  temperatures,  cell  operating  temperatures,  reactant  flow  rates,  and  operating  pressures 
on  current  distributions  in  a  PEM  fuel  cell.  Local  membrane  hydration,  reactant  depletion  and  possible  cathode  flooding  can  be  deduced  from  the 
measurement  results,  and  some  potential  improvements  in  fuel  cell  designs  are  suggested. 

©  2005  Elsevier  B.V.  All  rights  reserved. 
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1.  Introduction 

Proton  exchange  membrane  (PEM)  fuel  cells  show  tremen¬ 
dous  promise  as  a  future  power  system  due  to  their  high  effi¬ 
ciency  and  low  pollution.  Many  research  efforts  have  been 
focused  on  improving  PEM  fuel  cell  performance  [1-3].  Effec¬ 
tive  water  management  is  required  to  achieve  high  performance, 
since  water  may  accumulate  in  the  cathode  side  due  to  water 
production  and  water  transport  by  the  electro-osmotic  drag.  The 
accumulated  water  may  fill  the  pores  of  the  gas  diffusion  layer 
and  lead  to  significant  loss  in  the  PEM  fuel  cell  performance. 
Thus,  water  transport  as  well  as  reactant  transfer  in  PEM  fuel 
cells  has  been  one  of  the  research  focuses  in  the  past  15  years 
[4-9]. 

In  order  to  understand  water  transfer  and  current  density 
variations  in  a  fuel  cell  it  is  very  important  to  measure  local 
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current  distributions.  Recently,  much  effort  has  been  devoted  to 
the  development  of  techniques  to  measure  local  current  densi¬ 
ties  in  a  fuel  cell.  Wieser  et  al.  [10]  developed  a  technique  using 
a  magnetic  loop  array  embedded  in  the  current  collector  plate 
to  measure  current  distribution  in  PEM  fuel  cell.  Stumper  et 
al.  [11]  measured  the  current  distribution  using  a  partial  mem¬ 
brane  electrode  assembly  method,  a  sub-cell  method,  and  a 
current  mapping  technique.  Cleghorn  et  al.  [12]  demonstrated 
a  method  to  measure  current  distribution  in  PEM  fuel  cells, 
using  a  printed  circuit  board  technology  to  segment  the  cur¬ 
rent  collector  and  flow  field.  Geiger  et  al.  [13]  described  a  new 
magnetic  loop  array  with  closed-loop  Hall  effect  current  sen¬ 
sors  to  measure  current  distribution  in  a  PEM  fuel  cell.  The 
segmented  flow  field  approach  [14]  and  its  derivatives  [15] 
are  now  popular  techniques  in  measuring  current  distributions. 
Hakenjos  et  al.  [16]  developed  a  segmented  anode  flow  field 
approach  for  current  distribution  measurement  in  PEM  fuel 
cells. 

All  the  techniques  mentioned  above  require  either  specially 
designed  fuel  cells  or  modifications  of  collector  plates  and/or 
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electrodes.  Moreover,  none  of  the  existing  method  can  be  easily 
used  in  fuel  cell  stacks. 

In  this  work,  the  simple  and  innovative  current  distribution 
measurement  gasket  technique  was  developed  to  measure  cur¬ 
rent  distribution  in  a  PEM  fuel  cell  with  serpentine  flow  fields. 
The  current  distribution  measurement  gasket  can  be  used  in  an 
existing  fuel  cell  without  modification  of  any  of  its  components. 
More  importantly,  this  technique  can  be  easily  used  to  measure 
the  current  density  distribution  in  any  or  every  cell  in  a  fuel  cell 
stack.  This  technique  can  also  be  easily  adapted  to  other  flow 
field  designs.  The  measurement  gasket  is  low-cost  and  simple. 

2.  Experimental 

2.7.  Current  distribution  measurement  gasket 

Fig.  1  shows  the  schematic  diagram  of  the  current  distribu¬ 
tion  measurement  gasket.  The  current  distribution  measurement 
gasket  consists  of  a  gasket  with  a  pattern  of  the  flow  field  used  in 
the  fuel  cell.  The  substrate  of  the  gasket  is  made  of  epoxy  resin 
and  glass  cloth,  the  top  surface  is  plated  with  copper  and  gold, 
and  the  measuring  strips  extend  out  of  the  cell  for  individual 
current  measurement. 

The  measurement  gasket  used  in  this  study  is  as  shown  in 
Fig.  2.  In  the  case  under  study,  23  measuring  strips  are  used.  The 
overall  dimension  of  the  gasket  is  11.6  cm  long,  11.6  cm  wide 
and  0.2  mm  thick.  The  slots  in  the  measurement  gasket  corre¬ 
sponding  to  flow  channels  in  the  flow  field  plate  are  0.75  mm 
wide,  and  the  strips  corresponding  to  the  shoulders  in  the  flow 
field  plate  are  0.95  mm  wide  and  39.25  mm  long.  All  strips  are 
plated  with  copper  and  gold.  The  thickness  of  the  copper  is 
30  jam  and  that  of  gold  is  2  pan. 

The  PEM  fuel  cell  used  in  the  experiments  is  a  single  fuel 
cell  with  an  active  area  of  16  cm2.  The  flow  field  is  single- 
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Fig.  1.  Schematic  diagram  of  current  distribution  measurement  gasket. 


Fig.  2.  A  photograph  of  the  current  distribution  measurement  gasket. 

channel  serpentine,  with  23  shoulders.  The  dimension  of  the 
flow  field  plate  is  8.6  cm  x  8.6  cm.  The  width  of  the  flow  chan¬ 
nels  is  0.75  mm  and  the  depth  is  1  mm.  The  width  of  the  shoulders 
is  0.95  mm  and  the  length  is  39.25  mm.  The  total  length  of  the 
serpentine  flow  channel  is  1000  mm.  The  flow  field  in  the  anode 
is  identical  to  that  in  the  cathode  and  parallel  flow  (co-flow)  is 
used  in  all  the  experiments  reported  in  this  study. 

2.2.  Installation  of  the  current  distribution  measurement 
gasket 

The  current  measurement  gasket  is  inserted  between  the  flow 
field  plate  and  the  cathode  gas  diffusion  layer,  with  the  gold 
plated  surface  in  direct  contact  with  the  gas  diffusion  layer,  as 
shown  in  Fig.  3.  Since  the  substrate  is  made  of  epoxy  resin 
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Fig.  3.  Schematic  of  the  position  of  the  current  measurement  gasket  in  a  PEM 
fuel  cell. 
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and  glass  cloth,  the  measuring  strips  are  insulated  from  each 
other  and  from  the  flow  field;  thus,  the  fuel  cell  is  electrically 
divided  into  23  local  areas.  The  current  from  the  23  measuring 
strips  are  conducted  out  of  the  fuel  cell  laterally  instead  of  to 
the  shoulders  of  the  flow  field  plate.  Two  alignment  holes  and 
careful  cell  assembly  ensures  good  alignment  of  the  measuring 
strips  with  the  collector  plate  shoulders.  In  addition,  uniform 
compression  is  important  to  minimize  errors  due  to  non-uniform 
contact  resistance. 

2.3.  Current  distribution  measurement  system 

A  flow  diagram  of  the  current  distribution  measurement 
experimental  system  is  shown  in  Fig.  4.  The  fuel  cell  test 
system  is  controlled  by  a  Lab  view™ -based  application  soft¬ 
ware,  which  regulates  reactant  gas  flow  rates,  fuel  cell  operating 
temperature,  reactant  humidification  temperature,  and  operat¬ 
ing  pressure.  Hydrogen  and  air/oxygen  flow  rates  are  controlled 
by  two  mass  flow  controllers,  and  their  respective  humidities  are 
controlled  by  regulating  the  temperatures  of  the  humidifiers.  The 
operating  pressures  are  regulated  by  adjusting  the  back-pressure 
regulators.  A  nitrogen  purging  system  is  incorporated  into  the 
experimental  system  to  purge  both  the  anode  and  cathode  sides 
before  and  after  experiments  to  ensure  safety.  The  currents  from 
the  23  measuring  strips  are  measured  by  a  24-channel  poten- 
tiostat  with  high-resolutions.  The  multi-channel  potentiostat  is 
controlled  by  a  separate  computer  system  using  the  MITS  Pro™ 
software. 

In  this  study,  a  single  PEM  fuel  cell  with  an  active  area 
of  16  cm2  was  used.  The  membrane  used  was  Nation™  112 
with  a  thickness  of  53  pm;  the  platinum  catalyst  loadings  are 
0.4  mg  cm-2  on  both  sides.  The  gas  diffusion  layers  (GDLs) 
were  carbon  fiber  paper  with  375  [xm  thickness.  The  flow  field 
plates  were  made  of  graphite,  and  the  flow  fields  are  serpentine 


Table  1 


Geometric  parameters  of  the  experimental  fuel  cell 


Active  area  (cm2) 

16.0 

Channel  length  (cm) 

4.0 

Channel  width  (cm) 

0.075 

Channel  depth  (cm) 

0.095 

Number  of  channels 

24 

Gas  diffuser  thickness  (cm) 

0.0375 

Catalyst  layer  thickness  (cm) 

0.00129 

Membrane  thickness  (cm) 

0.0054 

on  both  sides.  The  end  plates  were  made  of  copper.  Detailed 
information  of  the  fuel  cell  used  is  listed  in  Table  1 . 

3.  Results  and  discussion 

The  23  measuring  strips  are  numbered  sequentially  from  the 
channel  inlet  to  the  outlet  as  shown  in  Fig.  1 .  Since  the  current 
density  gradient  across  the  fuel  cell  is  small,  symmetry  can  be 
assumed.  Thus,  each  measuring  strip  measures  the  current  from  a 
local  area  covering  one  shoulder  and  two  half-channels,  except 
numbers  1  and  23,  which  cover  an  area  of  one  shoulder  plus 
one  and  one-half  of  a  channel.  Therefore,  only  the  current  data 
from  strips  2  to  22  are  used  in  the  following  presentations.  Even 
though  the  current  data  from  numbers  1  and  23  are  not  used  in 
the  final  result  analysis,  these  two  strips  must  be  put  in  place  and 
connected  to  the  same  potentiostat  to  ensure  the  validity  of  the 
symmetry  assumption  for  the  two  adjacent  measuring  strips. 

3.1.  Sample  current  density  distributions 

Fig.  5  shows  local  current  density  measurement  results 
at  three  different  cell  voltages.  Humidification  temperatures 
on  both  the  anode  and  cathode  are  set  to  the  cell  operating 


Fig.  4.  Flow  chart  of  the  fuel  cell  current  distribution  measurement  system. 
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Fig.  5.  Sample  results  of  local  current  distribution  at  different  cell  voltages. 

temperature  to  minimize  the  effects  of  variations  in  membrane 
conductivity  and  water  flooding.  It  is  easily  seen  that  current 
density  decreases  along  the  flow  direction.  This  is  clearly  caused 
by  the  decreased  oxygen  concentration  along  the  flow  direction, 
and  possibly  also  by  partial  water  flooding.  At  a  lower  cell  volt¬ 
age,  the  activation  overpotential  is  higher  and  thus  the  current 
density  is  higher,  as  shown  in  Fig.  5  for  a  number  of  strips  close 
to  the  inlet.  Higher  current  density  near  the  inlet  causes  a  higher 
oxygen  consumption  rate  and  causes  a  lower  oxygen  concentra¬ 
tion  downstream.  At  a  certain  point,  the  effect  of  reduced  oxygen 
concentration  and  possible  flooding  is  greater  than  the  effect  of 
higher  overpotential.  Thus,  local  current  density  at  a  lower  cell 
voltage  becomes  lower  than  those  at  a  higher  cell  voltage.  It  is 
interesting  to  see  from  Fig.  5  that  the  current  distribution  for 
cell  voltage  at  0.5  V  is  very  close  to  that  for  0.4  V.  This  indicates 
that  the  cell  is  operating  at  or  close  to  its  local  limiting  current 
densities  at  every  local  area. 

Fig.  6  shows  the  local  polarization  curves  of  current  versus 
cell  voltage  for  the  case  shown  in  Fig.  5.  For  ease  of  reading,  only 
six  representative  local  polarization  curves  are  plotted  instead 
of  the  entire  21.  It  is  clearly  seen  from  Fig.  6  that  the  perfor¬ 
mances  of  local  areas  from  the  entrance  to  the  exit  decrease  due 


to  the  decrease  of  oxygen  concentration,  and  possibly  also  the 
increase  of  flooding  along  the  airflow  direction.  In  this  specific 
case,  the  airflow  rate  is  100  seem.  When  the  cell  voltage  is  lower 
than  0.6  V,  the  current  through  local  areas  16-22  is  almost  zero, 
indicating  the  depletion  of  oxygen.  We  can  also  see  the  typi¬ 
cal  “coma”  shape  of  the  polarization  curves  [16],  showing  the 
local  limiting  currents  decrease  due  to  the  decrease  of  oxygen 
concentration  in  the  channel  at  the  local  areas. 

The  results  shown  in  Figs.  5  and  6  demonstrate  the  mea¬ 
surement  gasket  technique  is  suitable  for  measuring  fuel  cell 
local  current  density  distributions.  The  measured  current  dis¬ 
tributions  are  much  smoother  than  most  of  the  previous  work 
[11,12,15,17-19],  indicating  that  more  uniform  contact  can  be 
achieved  using  this  technique. 

3.2.  Effects  of  air  flow  rates 

Fig.  7  shows  typical  results  of  current  distributions  along 
the  flow  direction  at  different  airflow  rates.  The  general  trends 
are  the  same  for  all  flow  rates  with  currents  decreasing  along 
the  flow  direction.  At  lower  airflow  rates,  the  decrease  of  cur¬ 
rent  along  the  flow  direction  is  steeper.  This  is  caused  by  the 
greater  percentage  of  decrease  in  oxygen  concentration  and  pos¬ 
sibly  greater  flooding  since  a  lower  velocity  has  a  less  effective 
water  removal  capability.  For  the  100  seem  flow  rate  case,  local 
currents  for  the  last  areas  are  almost  zero,  which  indicates  the 
depletion  of  oxygen. 

It  is  also  seen  that  currents  are  higher  at  higher  flow  rates,  and 
the  differences  are  large,  even  at  the  inlet.  This  result  indicates 
that  at  different  flow  rates,  even  if  the  local  reactant  concen¬ 
trations  are  the  same,  the  local  current  densities  can  still  differ 
significantly.  Thus,  it  can  be  deduced  that  the  air  velocity  also 
plays  a  significant  role  in  cell  performance. 

3.3.  Effects  of  hydrogen  flow  rates 

Fig.  8  shows  the  results  of  current  density  distribution  along 
the  flow  direction  at  three  different  hydrogen  flow  rates.  Since 
the  airflow  is  at  a  very  high  rate  of  900  seem,  the  expected  trend 
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Fig.  6.  Local  polarizations  of  selected  local  areas. 


Fig.  7.  Effect  of  air  flow  rates  on  current  distributions. 
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of  current  distribution  is  observed  for  both  the  flow  rates  of 
300  and  100  seem.  It  is  clearly  seen  that  the  local  currents  for 
the  case  at  100  seem  are  always  lower  than  those  at  300  seem. 
Since  all  the  other  operating  conditions  are  the  same,  the  dif¬ 
ference  in  local  currents,  ranging  from  0.05  to  0.1  A,  can  be 
attributed  to  the  effect  of  anode  flow  rate.  This  result  shows 
that  effects  of  the  anode  side  are  not  negligible,  indicating  that 
the  widely  held  assumption  [20]  needs  to  be  re-evaluated.  For  a 
hydrogen  flow  rate  at  50  seem,  the  currents  at  local  areas  8-14 
decrease  sharply,  and  tend  to  zero  from  areas  16  to  22,  indi¬ 
cating  the  depletion  of  hydrogen  in  the  later  part  of  the  cell. 
This  experimental  result  shows  that  either  the  pressure-drop 
along  the  channel  is  significant,  or  the  net  water  transfer  coef¬ 
ficient  A  (for  its  definition,  see  [8])  is  less  than  0.5,  i.e.,  less 
than  half  a  water  molecule  is  transferred  per  hydrogen  molecule 
consumed. 

3.4.  Effects  of  humidification  temperatures 

It  is  well  known  that  reactant  humidity  plays  a  critical  role  in 
the  performance  of  PEM  fuel  cells.  The  humidity  of  the  reactant 
gases  is  generally  regulated  by  controlling  the  humidification 
temperature.  Fig.  9  shows  a  set  of  current  distributions  at  differ¬ 
ent  cell  voltages.  Note  that  the  humidification  temperatures  for 
both  the  anode  and  cathode  are  323.15  or  20  K  degrees  lower 
than  the  cell  operating  temperature  of  343.15  K.  For  each  case, 
the  local  current  starts  very  low  at  the  inlet,  increases  along 
the  channel,  reaches  a  maximum,  and  then  decreases  further 
down  the  stream.  Since  the  humidification  temperatures  are 
lower  than  the  cell  temperature,  the  membrane  is  relatively  dry 
close  to  the  inlet,  leading  to  a  lower  current  density.  Along  the 
channel  direction,  more  and  more  water  is  produced  and  the 
membrane  becomes  better  and  better  hydrated,  increasing  the 
current.  Further  down  the  stream,  even  though  the  membrane 
may  be  well-hydrated,  the  effect  of  reduced  reactant  concentra¬ 
tion  becomes  dominant  and  causes  the  current  to  decrease.  In 
short,  this  set  of  experimental  results  shows  the  opposite  effects 
of  membrane  hydration  and  reactant  concentration  reduction 
at  play. 


Fig.  9.  Local  current  distributions  at  different  cell  voltages  with  insufficient 
humidification. 

It  can  also  be  seen  from  Fig.  9  that  the  higher  the  current 
is  in  the  upstream,  the  sharper  the  current  drop  is  in  the  down¬ 
stream.  The  sharper  drop  in  current  is  caused  by  the  lower  local 
reactant  concentrations.  When  the  current  density  is  higher  in 
the  upstream,  more  reactants  are  consumed,  resulting  in  a  lower 
reactant  concentration  in  the  downstream,  causing  a  lower  cur¬ 
rent. 

To  facilitate  understanding,  seven  selected  local  polarization 
curves  from  the  same  experiment  shown  in  Fig.  9  are  presented 
in  Fig.  10.  At  low  currents,  the  effect  of  reactant  concentra¬ 
tions  is  not  significant  and  the  effect  of  membrane  resistance  is 
dominant.  Along  the  gas  channel,  water  produced  by  the  elec¬ 
trochemical  reaction  causes  the  membrane  to  be  better  hydrated, 
and  the  resistance  decreases,  increasing  the  local  current  along 
the  channel.  At  high  current  densities,  the  areas  close  to  the  end 
of  the  channel  are  deprived  of  reactants  and  their  performances 
are  lower  than  their  upstream  neighbors. 

It  can  be  seen  from  Figs.  5-8  that  when  there  is  enough  humid¬ 
ification,  the  local  current  decreases  along  the  channel  direction, 
and  from  Figs.  9  and  10  that  the  local  current  first  increases, 
then  decreases  after  reaching  a  maximum.  To  cover  all  the 
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Fig.  10.  Selected  local  polarization  curves  under  insufficient  humidification. 
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Fig.  11.  Local  current  distributions  at  various  humidification  temperatures. 

scenarios,  current  distributions  at  four  different  humidification 
temperatures  are  presented  in  Fig.  11.  Note  that  for  all  cases, 
the  humidification  temperature  at  the  anode  and  cathode  are  the 
same. 

When  the  humidification  temperature  is  at  313.15  K,  30  K 
below  the  cell  temperature,  the  local  currents  close  to  the  inlet 
are  very  low,  indicating  a  dry  membrane.  Along  the  channel, 
local  currents  increase  due  to  water  generation  and  accumula¬ 
tion.  Local  currents  monotonically  increase  until  the  end  of  the 
channel,  never  peaking.  This  indicates  that  under  such  dry  con¬ 
ditions,  the  membrane  never  full  hydrates,  even  as  it  reaches  the 
end  of  the  channel.  It  is  also  interesting  to  note  that  the  curve 
is  concave  in  the  early  part  and  convex  in  the  later  part.  In  the 
early  part,  local  currents  are  low  and  the  effect  of  reactant  con¬ 
centration  is  negligible.  The  dominant  effect  is  the  membrane 
hydration,  which  increases  at  a  rate  directly  related  to  water  pro¬ 
duction  rate,  which  is  directly  related  to  local  current  density. 
Therefore,  the  slope  of  the  curve  increases  as  the  local  current 
increases.  Later  on,  the  convexity  of  the  curve  is  caused  by  the 
coupled  effect  of  membrane  hydration  and  reactant  concentra¬ 
tion  reduction. 

When  the  humidification  temperature  is  at  323.15  K,  20  K 
below  the  fuel  cell  operating  temperature,  the  current  distri¬ 
bution  curve  does  have  a  peak,  as  explained  earlier.  When  the 
humidification  temperature  is  at  333.15  K,  10  K  below  the  fuel 
cell  operating  temperature,  the  current  in  the  first  a  few  areas  is 
almost  constant,  indicating  that  the  effect  of  increasing  mem¬ 
brane  hydration  is  canceled  by  the  effect  of  decreasing  reactant 
concentration.  After  the  membrane  is  fully  hydrated,  the  effect  of 
decreasing  reactant  concentration  plays  a  dominant  role  and  the 
current  decreases  along  the  channel.  When  the  humidification 
temperature  is  at  353.15  K,  10  K  above  the  fuel  cell  operating 
temperature,  the  local  current  steadily  decreases  along  the  chan¬ 
nel. 

3.5.  Effect  of  operating  temperatures 

Fig.  12  shows  the  results  of  current  distributions  under  three 
different  operating  temperatures.  In  order  to  minimize  the  effect 


Fig.  12.  Effects  of  fuel  cell  operating  temperature  on  fuel  cell  local  current 
distributions. 

of  gas  stream  humidification,  the  humidification  temperatures 
for  both  the  anode  and  cathode  are  set  to  the  cell  operating  tem¬ 
perature.  As  expected,  the  cell  performance  increases  with  cell 
temperatures,  and  the  local  current  decreases  along  the  channel. 
This  can  be  seen  in  Fig.  12. 

3.6.  Effects  of  operating  pressures 

Fig.  13  shows  the  results  of  current  distributions  at  three 
different  operating  pressures.  Again  the  expected  trends  are 
observed.  The  cell  performance  increases  with  operating  pres¬ 
sure  due  to  increased  electrochemical  activities  and  higher  open- 
circuit  voltages.  It  can  also  be  seen  that  at  a  higher  pressure,  the 
local  current  is  higher  close  to  the  inlet,  but  lower  in  the  later  part 
of  the  channel.  This  result  reveals  that  the  advantage  of  higher 
operating  pressures  can  be  considerably  reduced  due  to  poor 
performance  in  the  downstream  of  the  channels.  Therefore,  to 
fully  take  advantage  of  higher  operating  pressures,  shorter  gas 
channels  should  be  used. 


Fig.  13.  Effects  of  operating  pressures  on  local  current  distributions. 
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4.  Conclusions 

A  novel  and  simple  technique  is  developed  for  the  mea¬ 
surement  of  local  current  distributions  in  PEM  fuel  cells  with 
serpentine  flow  fields  using  a  measurement  gasket.  To  measure 
current  distributions,  there  is  no  need  to  change  the  electrode 
structures  and/or  flow  field  plates;  rather,  the  measurement  gas¬ 
ket  only  needs  to  be  inserted  between  the  flow  field  plate  and 
the  gas  diffusion  layer.  This  technique  is  very  inexpensive  as  the 
only  additional  cost  is  the  measuring  gasket.  As  local  currents 
are  conducted  out  of  the  cell  laterally,  this  technique  can  also 
be  easily  used  in  a  fuel  cell  stack  to  measure  current  distribu¬ 
tions  in  any  single  cell,  any  number  of  cells,  or  even  all  the  cells. 
This  innovative  technique  is  used  to  measure  local  current  dis¬ 
tributions  of  a  PEM  fuel  cell  at  various  operating  conditions;  the 
following  conclusions  can  be  drawn  based  on  the  measurement 
results. 

•  Experimental  results  show  that  this  technique  is  suitable  for 
measuring  fuel  cell  local  current  distributions,  and  the  mea¬ 
sured  results  are  better  than  many  of  the  more  complicated 
techniques. 

•  Air  flow  rates  have  a  significant  effect  on  cell  performance; 
the  local  current  distributions  have  a  similar  pattern  for  all  air 
flow  rates:  decreasing  along  the  channel.  At  very  low  air  flow 
rates,  the  later  parts  of  the  cell  are  starved  of  oxygen  and  local 
currents  approach  zero. 

•  Hydrogen  flow  rates  also  have  an  effect  on  cell  performances, 
though  not  as  significant  as  that  of  air  flow  rates.  At  very 
low  hydrogen  flow  rates,  later  parts  of  the  cell  are  starved  of 
hydrogen  and  the  current  tends  to  zero,  revealing  that  either 
the  pressure  drop  along  the  channel  is  significant  or  the  net 
water  transfer  coefficient  is  less  than  0.5. 

•  Gas  humidification  is  critical  in  fuel  cell  current  distributions. 
At  very  low  humidification,  the  cell  performance  is  poor  and 
the  local  current  increases  monotonically  along  the  channel;  at 
medium  humidification,  the  local  currents  first  increase  along 
the  channel,  then  decrease;  at  high  humidification,  the  local 
current  decrease  monotonically  along  the  channel. 

•  Fuel  cell  performance  increases  with  increased  operating  tem¬ 
perature  as  expected;  this  is  mainly  achieved  in  the  upstream 
of  the  cell. 

•  Fuel  cell  performance  increases  with  increased  operating 
pressure  as  expected;  this  result  indicates  that  higher  oper¬ 
ating  pressures  would  benefit  from  shorter  gas  channels. 
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